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[57] ABSTRACT 
A control for positioning an endless conveyor which is 
movable in a closed path, wherein there is a sequence of 
designatable locations along the length of the conveyor. 
The control is responsive to a desired conveyor position 
input request, which is in terms of a location of said 
designatable locations, to move the conveyor to the 
requested position. An actual conveyor position signal 
is supplied to the control which is indicative of a pro 
portion of a complete traversal of the closed path by the 
conveyor. An indication of the actual length of the 
conveyor is stored in the control and is used to convert 
the desired position request to a desired conveyor posi 
tion signal indicative of a proportion of a complete 
traversal of the path by the conveyor. The control then 
activates a conveyor drive to drive the conveyor until 
the actual conveyor position signal has a predetermined 
relationship to the desired conveyor position signal. For 
example, the conveyor may be driven until these two 
position signals are equal. 

12 Claims, 12 Drawing Figures 
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CONVEYOR CONTROL 

DESCRIPTION OF THE INVENTION 
The invention relates generally to conveyors and 

more particularly concerns a control for positioning an . 
endless conveyor moving in a closed path. 
There are many applications'for systems that move 

objects to desired locations. In many such cases, a con 
veyor or the like carries objectsin a closed path and, in 
response to an externally applied request, moves along 
the path to position a particular object at a particular 
location. Such conveyors may take various forms, and 
the objects conveyed may be of many different types. 

In order forsucha conveyor to respond to a request 
to convey an object to a particular location, it is neces 
sary to drive the conveyor to the appropriate position. 
The appropriate position. for the conveyor depends 
upon the location of the object- on the conveyor and the 
location along the conveyor path where the object is 
desired. - > 

An illustrative type of conveyor system, which will 
be described below with regard to an exemplary em 
bodiment of the present invention, is a call counter 
conveyor used in a laundry or dry cleaning establish 
ment. In such a system, an endless chain is mounted 
above the ?oor for movement about a closed path 
which is usually, but not always, in a generally horizon 
tal plane. The conveyor is a chain which is divided into 
links, which are structured to carry cleaned garments 
on hangers. The links or portions thereof of the con 
veyor chain are typically designated by. numbers in 
order to establish a series of locations along the chain 
for the placement of garments bearing correspondingly 
numbered tags ‘or the like. 1 
A call counter conveyor is usually arranged so that a 

portion of the conveyor path moves past a call counter 
at which‘ the garments are picked up by. customers of 
the dry cleaning establishment. An employee of the 
cleaning establishment working at ‘the call counter usu 
ally receives a numbered receipt from a customer and 
must select the correspondingly numbered garment 
from among those stored .on- the call counter conveyor. 
In order to obtain the garmentwithout leaving the call 
counter area, the employee activates'a drive motor to 
drive the conveyor along its closed path until the gar 
ment is located at the call counter. 
Onemethod for appropriately moving the conveyor 

chain is for the employeetoactivate the chain drive 
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while observing the number designations on the links of 50 
the conveyor chain as it is moving. When a number on 
a chain link corresponding‘ to that .of the desired gar-' 
ment reaches the call counter, the-conveyor drive is 
de-activated, and the garment removed from the con 
veyor. The control for the drive in this case may be, for 
example, a footswitch which may permit forward and 
backward (clockwise and counterclockwise) movement 
of the conveyor. 

In one prior system, a control is provided to permit 
the employee of the dry cleaning establishment to select 
on a dial a desired numbered location from among those 
along the conveyor. The control activates the conveyor 
drive to move the requested location on the conveyor 
to the call counter. In this prior conveyor control sys 
tem, a potentiometer resolver is used which is coupled 
through appropriate gearing to the conveyor drive to 
produce an output signal which is indicative of a pro 
portion of a complete traversal of the closed path by the 
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conveyor. The prior art call counter control has a simi 
lar potentiometer, and the control includes a differential 
amplifier circuit for comparing the two groups of po 
tentiometer outputsThe control cooperates with the 
conveyor drive in a servo-loop to drive the conveyor 
until the two sets of potentiometer outputs are nulled. In 
such a system, a dial plate must be provided for the 
potentiometer control which is unique to the size of the 
conveyor with which the control is to beused. In addi-' 
tion, such potentiometer controls are subject to consid 
erable-wear over a period of time, and in use, the analog 
scale of conveyor locations on the dial plate must be 
carefully selected each time the control is used. There is 
also no‘provisio'n with such a control for providing an 
indication at the control of the present location of the 
conveyor. The'position of the conveyor need not corre 
spond to the most recent control setting because, typi 
cally, the conveyor may‘ be operated by a drive switch 
other than one associated with the control. 

In other types“of systems for conveying articles to 
particular locations, the technique has often been 
adopted of . uniquely identifying particular locations on 
the‘ ‘conveyor as carrying particular objects In these 
systems, the exact location of each conveyor compart 
ment‘or'link or the like is stored and processedin the 
control. Such a‘tech‘niquev generally requires a large 
amount of‘m'eiii'ory associated with the control in order 
to‘ accommodate the necessary record keeping for a 
large numbe'r‘j of "conveyor locations. An even more 
complicated type of“ conveying system makes use of 
identifying codes applied to particular locations on the 
conveyor. These ‘unique codes are then read by some 
type of scanning or‘reading mechanism at a location 
along the path of’ the conveyor. Such code readers are 
expensive‘ and can obstruct access to the conveyor. 

Consequently,.it is the general aim of the invention to 
provide an improved conveyor control for conveyor 
systems of the foregoing type. It has been an object of 
the invention to‘ provide such an improved control 
which doesnot require means for uniquely identifying 
to, or within,,the control any designations of particular 
locations along the conveyor. An improved control in 
accordancewith the present invention further provides 
means for storing and subsequently utilizing an indica 
tion of the lengthdof the conveyor whose position is 
being controlledlln this way the control is readily 
adaptableto conveyors of different lengths without the 
need for any significant modi?cation of the control. 
These objectives have been accomplished in accor 

dance with certain principles of the invention by pro 
viding a control which operates upon not only an actual 
conveyor positionsignal. which is indicative of a pro 
portion of a complete traversal of a closed path by a 
conveyor, but also a desired conveyor position signal 
which is similarly indicative of a proportion of a com 
plete travesal of the path by the conveyor. This is ac 
complished by storing and utilizing an indication of the 
length of the conveyor in order to modify an externally 
supplied indication of a desired conveyor position 
which is presented in terms of a particular designated 
location along the conveyor. 

Other objeetsland advantages of the invention, and 
the manner of their implementation, will become appar 
ent upon reading the following detailed description and 
upon reference to the drawings, in which: 
FIG. 1 is a perspective view of a call counter con 

veyor with garments carried thereon; 
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FIG. 2 is a diagrammatic view of a drive system and 
potentiometer position sensor for the conveyor of FIG. 
1; 
FIG. 3 is a perspective view of a control housing 

encompassing a conveyor control in accordance with 
the present invention; 
FIG. 4 is a schematic diagram of the electrical equiv 

alent of the position sensing potentiometer of FIG. 2; 
FIG. 5 is an illustration of the three output wave 

forms of the potentiometer of FIG. 4; 
FIG. 6a and 6b, when combined to form FIG. 6, is a 

schematic diagram of the circuitry of a conveyor con 
trol in accordance with the present invention; 
FIG. 7 is a flow chart of the MAIN sequence of 

operation of the microcomputer of FIG. 6; 
FIG. 8 is a ?ow chart of the sequence of operation of 

the interrupt routine of the microcomputer; 
FIG. 9 is a ?ow chart of the routine for determining 

the conveyor position; 
FIG. 10 is a ?ow chart of the subroutine for deter 

mining the proportional value of the conveyor position; 
and 
FIG. 11 is a flow chart of the routine for driving the 

conveyor. . 

_While the invention is susceptible to various modi? 
cations and alternative forms, a speci?c embodiment 
thereof has been shown by way of example in the draw 
ings and will herein be described in detail. It should be 
understood, however, that it is not intended to limit the 
invention to the particular form disclosed, but, on the 
contrary, the intention is to cover all modi?cations, 
equivalents and alternatives falling within the spirit. and 
scope of the invention as de?ned by the appended 
claims. 
Turning ?rst to FIGS. 1 and 2, a dry cleaning call 

counter conveyor 11 comprises an endless chain made 
up of links 12, the lower portion of which are adapted to 
receive hangers carrying garments 13 which have been 
dry cleaned. The links 12 of the conveyor 11 are guided 
along a closed path by a rail 14 and driven by a motor 
arrangement 16 through a conveyor drive sprocket 17. 
The motor arrangement 16, including a motor and asso 
ciated gearing and power supplies, etc., is usually 
mounted interiorly of the rail 14 at approximately the 
same ‘height. 
The motor is controlled to be driven in either the 

clockwise or counterclockwise direction by means of a 
reversing relay arrangement 18 which is coupled to the 
motor. When the motor arrangment l6 drives the 
sprocket 17 by means of a chain 19 to move the con 
veyor, it also provides a geared down drive by means of 
a chain 15 to a gearbox 20 which drives a potentiometer 
shaft 21 which is received within a potentiometer box 
22. The gearing between the motor and the potentiome 
ter shaft 21 is such that one complete revolution of the 
conveyor corresponds to one complete revolution of 
the potentiometer shaft 21. 
As thus far described, the conveyor system corre 

sponds generally to certain existing conveyor systems. 
In these systems, the outputs of the potentiometer box 
22, indicative of conveyor position, are utilized in an 
analog comparison ampli?er circuit to produce an error 
signal between a desired conveyor position and an ac 
tual conveyor position. In response to this error signal, 
the conveyor drive motor is activated to move the con 
veyor 11 to reduce the error signal and thereby to bring 
the actual conveyor position into conformity with the 
desired position. 
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4 
In FIG. 3, there is illustrated an improved control 23 

constructed in accordance with the present invention. 
The control 23 conveniently cooperates with the prior 
art potentiometer box 22 to automatically control the 
movement of a conveyor to a selected position. The 
control 23 includes a keyboard 24 for entering a desired 
conveyor location and a three digit display 26 for dis 
playing actual and desired conveyor positions, and 
other information such as error codes as shall be de 
scribed hereinafter. The control further includes a 
rocker switch 27 for manually actuating the motor to 
drive the conveyor either clockwise or counterclock 
wise, and an emergency stop switch 28. A cable 29 
comprising eight conductors couples the control 23 to 
the motor arrangement 16 and to the outputs of the 
potentiometer box 22. The structure and function of the 
control 23 shall be described in more detail hereinafter 
with regard to a circuit diagram of the control and flow 
charts illustrative of the functions of the control. 
While the control 23 conveniently cooperates with 

the existing potentiometer box 22, other means may be 
utilized for providing a conveyor position signal to the 
control. It is preferred that, whatever the position sen 
sor used, the actual conveyor position signal of the 
sensor should be indicative of a proportion of a com 
plete traversal of the closed path by the conveyor. In 
the present instance, the control 23 will be described in 
conjunction with the existing potentiometer box 22 for 
indicating conveyor position. In this regard, an under 
standing of the nature of the output signals at the out 
puts of the potentiometer 22 is necessary in order to 
consider the operation of the control 23 in detail. 

As shown in FIG. 4, the potentiometer 22 includes a 
?rst wiper arm 31 connected to a positive voltage sup 
ply and a second wiper arm 32 connected to common. 
The two wiper arms 31 and 32 are mechanically con 
nected in a straight line to be 180’ out of phase. The 
wiper arms 31 and 32 are mechanically coupled to the 
potentiometer shaft 21 and rotate therewith. There are 
three output lines 33, 34 and 35 carrying output signals 
a, b and 0, respectively. The three output lines are con 
nected to an annular resistive element 36 of the potenti 
ometer 22 at positions which are 120° apart from one 
another. As the wiper arms 31 and 32 rotate in the po 
tentiometer 22, the voltage at each of the points a, b and 
c varies linearly with the position of the wiper arms. 
The three output waveforms of the potentiometer 22 

are illustrated in FIG. 5. The waveforms vary between 
0 and the input voltage value of +V over a range of 
proportional positions of the potentiometer shaft 21 
(and therefore, of the conveyor 11) between 0 and l. 
The reference point, or 0 position, for the potentiometer 
shaft is arbitrarily chosen to be at the location at which 
the wiper arm 31, which is coupled to +V, is adjacent 
the connection of the line 33 to the potentiometer ring 
36. It can be demonstrated that for the purposes of the 
control 23, any two of the three waveforms a, b and c 
uniquely de?ne the position of the potentiometer shaft 
21. As shall be described hereinafter, the signals a and b, 
designated A0 and A1 respectively, shall be utilized as 
inputs to the control 23 for the purpose of determining 
the actual position of the conveyor 11. 

Referring now to FIG. 6, the control 23 comprises a 
microcomputer chip 37 and associated circuitry to form 
a microcomputer-based conveyor control. The mi 
crocomputer, or processor, 37 is an Intel 8022 custom 
integrated circuit. There are several inputs to the pro 
cessor 37 on an input bus connected to the input ports 
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P00 through P07. A ?rst group of inputs to the proces 
sor 37 is from the keyboard 24. In addition, there are 
three sets of slide switches 38, 39 and 40 coupled to the 
input bus of the processor 37. The slide switches 39 are 
set in accordance with the conveyor length. The slide 
switches 38 establish a conveyor offset. This offset com 
pensates for the differential between the position of the 
conveyor at the zero~reference point of the potentiome 
ter 22 and the position of the conveyor when the zero 
designated location on the conveyor links is at the call 
counter, or wherever the control is located. The set of 
switches 40 establishes a coast compensation factor to 
allow for conveyor travelduring the lag between the 
time that the processor outputs a signal to de-energize 
the conveyor drive motor and the time that the con 
veyor actually stops. The methods for setting these 
groups of slide switches shall be discussed hereinafter. 
The diodes and capacitors at the analog-to-digital 

converter inputs-of the processor 37 are provided for 
protection and ?ltering, in accordance with conven 
tional practice. 7 . 

Another group of inputs to the processor 37 are the 
connections from the potentiometer 22. These inputs 
are coupled to an analog to digital converter portion of 
the processor 37. As indicated earlier, one output signal 
line from the potentiometer is not used. In the present 
instance, this unused line is the line 35. The output from 
the potentiometer vvline 33, signal a, serves asythe A0 
input to the 'analog-to-digital.(A/D) converter of the 
processor, and the potentiometer output 34, the signal b, 

.serves as the A1 input. 
The voltage +V for the potentiometer wiper arm 31 

is produced by the control 23, as shall be described in 
more detail hereinafter. In order to track any voltage 
variations in the potentiometer supply voltage, the ana 
log ‘to digital converter uses an analog voltage range 
between 0, or common, and the potentiometer supply 
voltage. In order to do this, the +V potentiometer line 
from the wiper 31 is connected to a zener-regulated 
supply and to the A/D REF input of the processor 37. 
The potentiometer common line, from the wiper arm 
32, is connected to the _A/D input V55. The analog 
input signals A0 and A1 are the waveforms represented 
in the graph of ' FIG. 5. The manner in which the proces 
sor develops these waveforms into an actualconveyor 
position signal shall be discussed hereinafter. 
One group of outputs from the processor 37 is pro 

vided on an output bus P10-P17. These outputs are 
coupled through a driver 41 and a group of current 
limiting resistors 42 to the three sections 43, 44 and 45 of 
a three digit LED display. As shall be explained in 
regard to the operation of .the processor 37, only one of 
the three digits is displayed at any given instant. In 
order to select the particular digit being displayed, the 
appropriate driver transistor 46, 47’or 48 is activated by 
the processor on an output line P20, P21 or P22, respec 
tively. The circuit power supply +V, which in the 
illustrated circuit is +5 volts, is coupled through a 
group of resistors 49 to the input lines of the driver 41 in 
order to provide suf?cient drive for the Darlington 
transistors in the driver 41. The driver 41 is a Motorola 
type MC1413 integrated circuit. 

Six of the output lines of the driver, indicated collec 
tively as lines 51, serve ‘an additional function on an 
intermittent basis, when the LED digits 43-45 are not 
activated. In performing this alternate function, one of 
the six driver output lines 51 is activated by the proces 
sor 37 to enable, or address, one of the groups of inputs 
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6 
to the input ports P00-P07 of the processor 37. Thus, 
one of the three columns of keys in the key pad 24 may 
be'enabled, or one group of the three groups of slide 
switches ‘38-40. ‘~ " ' 

In a manner to be described, the processor 37 acti 
vates the reversing relay 18 which is coupled to the 
motor arrangement 16 to drive the motor to move the 
conveyor in either a clockwise or a counterclockwise 
direction by continuously ?ring either a one shot multi 
vibrator 52 (for.clockwise movement) or a one shot 
multivibrator 53 (for counterclockwise movement). In 
this way,'if there is a failure in the processor 37, the 
motor will stop since the succession of pulses from the 
multivibrator will cease. The two multivibrators are 
each, one half of a‘ type 74123 integrated circuit. 

In activating the'yconveyor motor, in the clockwise 
direction for example, the processor 37 ?res the one 
shot multivibrator 52 during each repetition of one of its 
routines. The multivibrator 52 provides an output pulse 
of approximately. 10 milliseconds in duration each time 
it is triggered. When the conveyor is moved by they 
control, the multivibrator is retriggered continuously 
by a series of pulses from the processor which occur at 
a more frequent interval than l0 milliseconds. The 6 
output 55 of the multivibrator 52 is one input to a NOR 

‘ gate 54; whose otherinput is normally low as supplied 
by the processor 37. When the multivibrator 52 is ?red, 
the input‘55' to the NOR gate 54 goes low, and the 
output 'of'the gate goes high, turning on a transistor 56 
and ?ring a triac-57.- Firing the triac 57 couples the 
--clockwise input of the reversing relay 18 (FIG. 2) to the 
'acco'mmon 58'of a power supply of the motor arrange 
ment :16, and the motor is activated to drive the con 
veyor‘in the clockwise direction. The triac 57 is alogi 
cal triac in-Yth'at' it is operative to be ?red in all four 
electrical quadrants. The operation of the circuit for 
counterclockwise movement of the conveyor is identi 
cal to that for clockwise movement, and therefore, shall 
not be described in detail. 

The rocker switch 27 for manually activating the 
conveyor motor is operable to couple either the clock 
wise or the counterclockwise input to the reversing 
relay 18 ‘to the ac common 58. This manual control of 
the conveyor movement is separate from that con 
trolled by the processor 37. The emergency stop switch 
28 is operable‘to' deactivate the conveyor motor by 
opening both of the lines coupling the triacs to the 
reversing relay. At the same time, a reset pulse is sup 
plied to the RESET terminal of the processor 37. 

In the present case, the motor arrangement has an ac 
supply which is a 24 volt supply available to the con 
veyor _motor and which is also used to produce the ?ve 
volt power supply for the control circuit 23. The 24 volt 
ac common line'58 serves as the above-mentioned com 
mon for the triacs. The other 24 volt ac line 59 is cou 
‘pled through a noise ?lter arrangement indicated gener 
ally as 61, rectified, and regulated by a ?ve volt regula 
tor 62. The regulator 62 is a type 7805 integrated circuit. 
The regulated ?ve volt supply for the logic circuitry is 
provided on a line 63. The supply 63 is coupled through 
a resistor 60 to the zener-regulated supply for the A/D 
REF input to the processor 37. The 24 volt ac common 
line is separated from the circuit common 65 for the 
control circuit 23 by an inductor 70 in the noise ?lter 
arrangement ‘61. ' 

An inductor 64 is connected in parallel with a capaci 
tor 66 and coupled to the XTAL inputs of the processor 
37 to establish an internal clock frequency on the order 
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of two megahertz for the processor. In the present in 
stance, the inductor is 33 microhenries and the capaci 
tor is 47 picofarads. The resistors 67 and 68, connected 
at their common point to the VTHinput of the processor 
37, form a voltage divider between the volt logic supply 
+V and common. In this case, the resistors are each 
1000 ohms, coupling about 2.5 volts to the VTH input of 
the processor 37. The voltage at VTH sets the input 
threshold for the input ports POO-P07. 

Referring now to FIG. 7, the MAIN sequence of 
operation of the processor 37 is illustrated in flow chart 
form. This MAIN sequence is interrupted on a regular 
basis in order for the processor to execute a DISPLAY 
routine, to be described hereinafter. The ?rst step of the 
MAIN program is to read the status byte. The status 
byte is contained in a register, in this case RAM 07, of 
the processor 37. The eight bits of the status byte corre 
spond to the following routines or indications: b7 
MOVE CONVEYOR; b6-CHECK MOTOR; b5 
ERROR BEING DISPLAYED; b4-COMPUTE 
CURRENT POSITION; b3-KEYBOARD CUR 
RENTLY INPUTTING; bZ-DISPLAY CURRENT 
INPUT; bl-DISPLAY CURRENT POSITION; and 
bO-ANALYZE KEYBOARD. Two of the bits,v b5 
(ERROR BEING DISPLAYED) and b3 (KEY 
BOARD CURRENTLY INPUTTING), refer to status 
information and do not call for the execution of a rou 
tine. In regard to the balance of the bits in the status 
byte, each of these bits corresponds to a routine to be 
executed by the processor. Each time the MAIN rou 
tine begins, the status byte is checked and the bits are 
examined in sequence (7, 6, 4, 2, 1, 0). The ?rst bit exhib 
iting a set condition initiates the execution of the corre 
sponding routine. Whenever one of theseroutines is 
concluded, the main routine begins again to examine the 
bits of the status byte in the same order. Thus, there is a 
hierarchy of the routines, and the KEYANL routine 
(KEYBOARD ANALYSIS) is executed only if none of 
the other bits in the status byte are in the set condition 
when the MAIN program is initiated. If none of the bits 
are in the set condition, the MAIN program returns and 
is again executed. 
As indicated earlier the length of the conveyor, and 

the offset of the conveyor from a designated zero loca 
tion (such as at the call station) when the proportional 
position indicated by the potentiometer 22 is at zero, are 
stored for the processor by means of slide switches. As 
a basis for many of the routines of the processor, the 
actual proportional position of the conveyor must also 
be determined from the input signals from the potenti 
ometer 22. As used herein, the phrase proportional 
position means a proportion of a complete traversal of 
the conveyor path by the conveyor. A proportional 
position shall typically be a quantity between zero and 
one. Such quantities as conveyor offset and coast com 
pensation are generally referred to herein as propor 
tional position quantities. A desired conveyor position, 
input through the keyboard, is not a proportional posi 
tion, but a desired proportional position is derived by 
the processor internally. 
The CPOSR subroutine illustrated in FIG. 10 deter 

mines the actual proportional position of the conveyor 
on the basis of the output signals from the potentiometer 
22. The processor 37 is connected to two of the three 
output channels of the potentiometer, those producing 
the waveforms labeled a and b in FIG. 5. The waveform 
a shall be referred to herein as A0, and the waveform b 
shall be referred to herein as waveform A1 in order to 
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8 
conform to the corresponding designations of the ana 
log to digital input ports of the processor 37. 

In order to understand the operation of the CPOSR 
subroutine, reference must ?rst be made to the wave 
forms of FIG. 5 to be considered in conjunction with 
the flow chart of FIG. 10. The CPOSR subroutine 
begins by selecting, reading and storing the A1 and A0 
values. The A0 value is then divided by two and this 
A0/2 value is also stored. A loop counter is then set to 
tWO. 

The routine then functions to determine the propor 
tional position of the conveyor using a formula that the 
position is equal to Q plus or minus A0/2. The value of 
A1 is ?rst used to determine whether the plus or minus 
sign is used in the formula. If A1 is greater than §, then 
the minus sign applies; and if A1 is less than é, then the 
plus sign applies. If neither of these conditions is true 
(A1 greater than E or less than 5) then the value of A0 
is used to determine the sign, plus or minus, in the for 
mula. If A0 is greater than 5, then the minus sign ap 
plies; and if A0 is less than é, then the plus sign applies. 

In order to determine the actual proportional position ' 
of the conveyor, the A1 value is ?rst compared to },, and 
if it is less than g, the subroutine jumps to CPOSP. As 
can be seen from FIG. 5 for this value of Al, the pro 
portional position is between 5 and 1. In this region, the 
A0 curve has a positive slope of 2 and crosses the posi 
tion axis at a position of 21,. Therefore, 5 is added to the 
stored value of A0/2 to establish the correct propor 
tional position for the conveyor. 

If the A1 value is not less than g, it is compared with 
5 to determine if Al is greater than 5;. This corresponds 
to the portion of the A1 curve lying between 1/6 and g. 
If A1 is greater than é, the routine jumps to CPOSM. 
The 2’s complement of the A0/2 value is formed. This 
in effect produces —A0/2. It can be seen from FIG. 5 
that, over the position interval from l/6 to 5, the A0 
curve has a slope of —2 and again intersects the position 
axis at l. Therefore, subtracting A0/2 from % yields the 
correct value for the proportional position of the con 
veyor. 

This leaves substantially only two segments of the A1 
curve as yet indeterminate. These sections are the por 
tion from 0 to 1/6 and the portion from i to i. In both 
of these portions, the A1 value lies between é and '5’. 

Therefore, if neither of the two above described com 
parisons for the A1 signal have led to a proportional 
position value, the subroutine next places A0 in the 
accumulator and decrements the loop counter. At this 
point, the loop counter is set at '1, and the subroutine 
returns to CPOSl. A0 is now compared to gl. If A0 is 
less than §;, then the corresponding position is between 
5 and i. Since the segment from g to g has already been 
dealt with in regard to Al, the indicated position must 
be between i and §. The subroutine then jumps to 
CPOSP once again, and i is added to the stored A0/2 
value. This yields a correct position result since, again, 
the point must lie along the portion of the A0 curve 
having a positive slope. 

If A0 is not less than §, it is then compared to § to see 
if it is greater than §. A0 is greater than ?5 along the 
positions 0 to l/6 and 5/6 to 1. Since the positions from 
5/ 6 to 1 were dealt with in regard to the A1 compari 
sons, if A0 is greater than '5’, the corresponding con 
veyor position must be between 0 and V6. The subrou 
tine then jumps to CPOSM, and A0/2 is subtracted 
from é. Again, this is the correct result, since this seg 



4,484,288 
9 

ment of A0 is the portion of the A0 curve having a 
negative slope. 
There are only two indeterminate points remaining 

after the above-described operation of the CPOSR sub 
routine. These points are the two points where the A0 
and A1 curves intersect. In either of these cases, the 
subroutine again decrements the loop counter, and the 
loop counter is now equal to 0. The subroutine then 
recalls A1 and determines if A1 is less than é. If A1 is 
less than g, the intersection point is at a position of 5, 
and the subroutine goes to CPOSP. If A1 is not less than 
i, ‘the intersection point is at a position of 1/6, and the 
subroutine is then at the appropriate CPOSM stage. 

In all cases after the determination of a proportional 
conveyor position, any rollover is stripped from the 
resultant value and the actual conveyor proportional 
position is stored. The processor then returns to what 
ever routine called for CPOSR. . 

This subroutine CPOSR is used in several of the 
processor routines for obtaining a current actual pro 
portional conveyor position for other calculations. For 
example, the COMPUTE POSITION (CPOS) routine 
illustrated in flow chart form in FIG. 9, begins by call 
ing the CPOSR subroutine. The COMPUTE POSI 
TION routine determines the position of the conveyor 
in terms of the designated locations on the conveyor 
itself. 

In‘ executing the CPOS routine, after the proportional 
conveyor position is determined, the conveyor length is 
obtained and stored for subsequent multiplication. Next, 
the offset, which is set on theslideswitches 38 in terms 
of relative conveyor position, is added to the propor 
tional conveyor position, or ratio, to produce a propor 
tional conveyor value taking- into account the offset of 
the conveyor, from a nominal. zero of the potentiometer 
22, at the position of the control, such as the call 
counter. If the summation of the offset and the ratio 
exceeds one, the, roll-over is stripped off to retain only 
the fractional amount. This result is then multiplied by 
the stored conveyor length, and this result is stored. 
The conveyor length is now in terms of the actual loca 
tion designations along the lengthof the conveyor. This 
position number is then converted'to binary coded deci 
mal to be used by the display drivers. The DISPLAY 
CURRENT POSITION bit, bit 1, of the status byte is 
thenplaced in the‘set condition in_the RAM07, and the 
routine returns to the MAIN program. 

In the SET UP DISPLAYS routine, the binary 
coded decimal code for digits to be displayed, such as 
from the CPOS routine, are converted to seven segment 
code to be utilized by the DISPLAY interrupt routine. 
This places the digit data in appropriate format to drive 
the seven segment displays. . _t ~ > v A. .> 

Referring now to FIG. 8, the DISPLAY routine is 
executed on an interrupt basis and is entered approxi 
mately 300 times per second. When the MAIN routine 

' is interrupted by the DISPLAY routine, at the conclu 
sion of the execution of the DISPLAY routine, the 
MAIN routine is re-entered at the point at which it was 
interrupted. The DISPLAY routine is basically con 
cerned with activating the digits of the three digit LED 
display. 
Upon entering the routine, the .various registers 

which were being used by the MAIN routine are saved 
for subsequent use by the MAIN routine. The DIS 
PLAY routine ?rst turns off the digit drivers and then 
reads and stores the conveyor length. The coast com 
pensation and offset values are also read and saved. 
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Next, each of the three columns of the keyboard are 
read and saved. As discussed earlier in regard to the 
circuit of FIG. 6, the means for enabling each of these 
groups of input values is the setting of an appropriate 
output of the group of outputs 51 from the display 
driver 41. . 

Next, the display pointer is updated. The display 
pointer indicates which one of the three digits of the 
LED display is to be activated. Each time the DIS-~ 
PLAY routine is executed, the display, pointer is ad 
vanced to the next digit so that every third execution of 
the DISPLAY routine energizes a particular digit. 

Next, a blanking bit is checked, and if it is set, then the 
routine skips past the activation of the selected digit of 
the LED display. As shall be described, this blanking 
bit, which is set in regard to either an error indication or 
an indication-of a position being input through the key 
board, ;is present approximately every other second in 
order to produce a- ?ashing display of either an error 
code or an entered conveyor position. 

If the blanking bitis not set, the digit drivers are 
activated and the appropriate segment data is coupled 
to the drivers to energize the appropriate digit in the 
digit display. After the digit is activated, or after the 
presencev of a blanking bit is noted, the routine next 
checkslto seeif an internal one second timer has timed 
out. If the timer has timed out, it is indicative of the 
passage of approximately one second in real time. 

Since the DISPLAY routine is entered on the order. 
of 300 times per second, the one second timer normally 
has not timed out. If it has not timed out, the routine sets 
the KEYBOARD ANALYSIS (KEYANL) and 
CHECK MOTOR (CKMOT) bits in the status byte of 
the register RAM07. The interrupt timer is then re 
started so that the next interrupt period will be initiated 
and the, registers are restored for the MAIN program, 
which then continues at the point at which it was inter 
rupted. _ 

If the. time counter (the one second clock) has timed 
out to 0, a‘ motor timer is decremented if it is not at 0. 
The motor timer will be at 0 unless the motor is running. 
When the motor is running, the motor timer is set for an 
arbitrary value, such as 130 seconds, and this motor 
timer is decremented during the DISPLAY interrupt 
routine each time the time counter counts down indicat 
ing the passage of one second. The motor timer is opera 
tive to turn off the :motor if it is running continuously 
for more than the 130 seconds which corresponds to the 
130 count in the motor timer. 
Also when the one second timer has timed out, the 

DISPLA'Y routine obtains the status byte and checks 
bits ,5 and, 3 to_det_ermine if an error is being displayed or 
if the keyboard is currently inputting. If not, the COM 
PUTE POSITION bit is set in the status byte. If there 
is a keyboard input or an error set, the DISPLAY rou 
tine gets the blanking bit and inverts it. In this way, if 
the display is displaying a keyboard input or an error, 
the blanking bit will be set every other second. This 
blanks the display every other second and produces the 
effect of a ?ashing‘display for keyboard input or an 
error indication. After the inversion of the blanking bit, 
the DISPLAY routine proceeds to set the KEY 
BOARD and CHECK MOTOR bits in the status byte, 
and proceeds in the same manner as described above. 
The processor is responsive to the entry of a re 

quested conveyor position through the keyboard to 
activate the conveyor drive motor to move the con 
veyor to the desired location. A KEYBOARD ANAL 
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YSIS (KEYANL) routine of more or less conventional 
form is used to read the keyboard inputs so that they 
may be acted upon by the processor. The KEYANL 
routine receives and stores the keyboard input in binary 
coded decimal form. Subsequently, the SET UP DIS 
PLAYS (SUDS) routine converts the binary coded 
decimal form to seven segment code. The KEYANL 
routine also debounces the key inputs. After the entry of 
a desired location through the keyboard, the operator of 
the control depresses an “enter” key, to which the 
KEYANL routine responds by setting the MOVE 
CONVEYOR bit (bit 7) in the status byte. Since the 
MOVE CONVEYOR routine has the highest priority 
in the status byte, the next time that the MAIN program 
is initiated, the conveyor is moved to the requested 
position. 

In order to do this, a MOVE CONVEYOR (MOV 
CON) routine is executed as illustrated in FIG. 11. The 
MOVCON routine ?rst determines if the motor driving 
the conveyor is already running. If so, the motor is 
stopped and an error code is set utilizing an error sub 
routine. As indicated earlier, when an error code is 

-indicated, the particular error ?ashes in the display 
through the operation of the DISPLAY interrupt rou 
tine. There are error codes for each of the following 
conditions: depressing the “enter” key without having 
entered a number; entering a wrong number, such as a 
location higher than the number of locations of the 
conveyor as entered on the slide switches for conveyor 
length; slow conveyor response to command signals; a 
fault condition in the control itself; and the present 
condition in which the conveyor is already moving 
when a location number is entered. 

If the motor is not already running, the requested 
position entered from the keyboard is converted from 
binary coded decimal to binary. The processor then 
gets the conveyor length from the slide switch setting 
and checks to determine if the input through the key 
board is greater than the conveyor length. If so, another 
one of the above-identi?ed error codes is ?ashed on the 
display. If the input location is not greater than the 
length of the conveyor, then the motor timer is set, for 
the exemplary 130 seconds discussed earlier. This timer 
is, as described above, decremented in the operation of 
the DISPLAY interrupt routine. 
The MOVCON routine then divides the conveyor 

location input by the conveyor length. This produces a 
desired proportional conveyor position. If there is an 
error in performing this division, the error code indicat 
ing a control circuit malfunction is ?ashed in the dis 
play. If there is no division error, then the offset from 
the offset slide switches is subtracted from the desired 
conveyor position which has been determined. At this 
point, the desired position is in its proportional or ratio 
form, and the offset is stored in that form. Therefore, a 
proportional value for the desired conveyor location 
which is free of the offset is produced. Next, the actual 
proportional conveyor position most recently derived 
by the CPOSR routine is subtracted, leaving a differen 
tial (in proportional terms) between desired and actual 
conveyor positions. If the difference is zero, no move 
ment of the conveyor is necessary and the routine re 
turns to the MAIN program. 
The clockwise direction of travel of the conveyor is 

the direction of increasing position values. Therefore, if 
the proportional differential value is between 0 and 5, 
the conveyor is moved clockwise. If the differential is 
between —# and 0, the conveyor is moved counter 
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12 
clockwise, and if the differential is greater than or equal 
to L and less than 1, the conveyor is also moved coun 
terclockwise. In all other cases, the conveyor is moved 
clockwise. 
The MOVE subroutines, for clockwise or counter 

clockwise movement of the conveyor, operate to acti 
vate the conveyor motor to drive the conveyor in the 
appropriate direction by setting the appropriate direc 
tion bit to drive one of the triacs such as 57. The actual 
?ring of the appropriate triac through either the multi 
vibrator 52 or the multivibrator 53 is performed by the 
CHECK MOTOR (CKMOT) routine, to be described 
hereinafter. 
At the end of each of the MOVE subroutines, not 

only is the appropriate direction bit set for use by the 
CHECK MOTOR routine, but the coast compensation 
factor entered through the group of slide switches 40 is 
taken into account to modify the non-offset stop value 
position. The stop value position which is to be modi 
?ed by the coast factor is obtained after subtracting the 
offset from the proportional value of the desired posi 
tion. In the case of clockwise movement, the coast com 
pensation factor is subtracted from the stop value, and 
in the case of counterclockwise movement, the coast 
compensation factor is added. The stop value, modi?ed 
by coast, is stored for use by the CHECK MOTOR 
routine. , 

It will be recalled from the DISPLAY interrupt rou 
tine of FIG. 8, that upon each execution of the interrupt 
routine, approximately 300 times per second, the 
CHECK MOTOR bit is set in the status byte. There 
fore, each time the MAIN program is initiated, this 
program will ?rst execute the MOVE CONVEYOR 
routine, if it is set, and then execute the CHECK 
MOTOR routine. Therefore, the CHECK MOTOR 
routine is frequently updated, usually approximately 
every three milliseconds. 
The CHECK MOTOR routine checks to see if the 

motor is running, and if it is, checks to see if the motor 
timer has timed out. If it has, the motor is stopped and 
an error flag is set. If the motor timer has not timed out, 
an updated proportional position CPOSR calculation is 
performed. The routine then recalls the coast-compen 
sated stop value stored by the MOVE CONVEYOR 
routine. If the clockwise direction bit is set, the actual 
proportional position from the CPOSR routine is sub 
tracted from the coast-compensated stop value. For 
counterclockwise motion, the stop value is subtracted 
from the proportional position. If the result of the ap 
propriate subtraction is less than or equal to zero, then 
the motor is stopped. If the result of the subtraction is 
greater than zero, the CHECK MOTOR routine ?res 
the appropriate one shot multivibrator so that its associ 
ated triac continues to be turned on to activate the 
motor. . 

In order to set the conveyorlength in the group of 
slide switches 39, all of the switches are placed in the on 
position and selectively moved to the off position to 
establish the length setting. The eight switches can be 
set to establish, in binary form, a conveyor length be 
tween 2 and 255. These numbers correspond to the 
number designations such as for the links of the con 
veyor chain being driven. This length in terms of links 
is the value used by the processor 37 to convert the 
position designations input through the keyboard into 
proportional positions. If all of the switches are set to 
the on position, the processor recognizes this setting as 
a conveyor having the length of 1,000. To set the 
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switches 39 for a conveyor having a length of 100, only 
the switch coupled to the port P00 corresponding to the 
least signi?cant bit is set to the off position. 

After the length of the conveyor has been set on the 
length switches 39, the offset switches '38 may be set. In 
order to do this, the zero position on the conveyor is 
moved to the call counter or other desired location. The 
zero location on the conveyor is at the same position or 
link as the last number on the conveyor. When this 
location has been moved adjacent the call counter, the 
offset switches are set so that the conveyor position 
displayed on the LED readout is 0. Unlike the conveyor 
length switches, the offset switches are interpreted by 
the processor as proportional offset distances. There 
fore, a range of offsets may be entered between 0 and l, 
in increments of l/256. ’ 

Finally, the coast switches 40 may be set. The 
switches are initially all placed in the on position. The 
coast compensation switches are in proportional form 
rather than absolute values. The desired setting is ob 
tained by moving the conveyor by means of a direc 
tional switch, such as the switch 27, in one direction 
approximately l/lO of the conveyor length. The con 
trol keys are then used to return the conveyor to, for 
example, the zero position. The stopping point is ob 
served and marked. Then the conveyor is moved in the 
opposite direction about l/l0 of the conveyor length, 
and the keys are used to return to the same zero posi 
tion. This stopping point is again observed and marked. 
The true zero lies between the two marks. Each of the 
switches is set by moving it to the off positionto estab 
lish an appropriate amount of coast compensation, be 
tween zero and a maximum amount of compensation. 
The available coast compensation varies from about 
zero to about l/32 in terms of proportional position in 
steps of l/512. 
The flow charts and operational descriptions herein 

for the processor 37 are embodied in an Intel 8022 cus 
tom integrated circuit. A complete listing of the pro 
gram for the integrated circuit is attached hereto as an 
appendix and is speci?cally incorporated herein. Refer 
ence may be made to this program listing for any of the 
exact details of the operation of the processor 37 in the 
described control. a 

It is possible to utilize more than one control of the 
foregoing type with a particular conveyor. In this case, 
each control is coupled to the outputs of the conveyor 
position potentiometer and to the conveyor drive. The 
controls would typically be located at different loca 
tions along the conveyor path and would be operable 
independently. The setup and operation of each control 
would be substantially as described above for one con 
trol, with the particular offset value for each control 
being unique to its position along the conveyor path. 
What is claimed is: 
1. A control for positioning a conveyor in a conveyor 

arrangement that includes an endless conveyor which 
traverses a closed path, there being a series of particular 
locations along the conveyor, a conveyor drive respon 
sive to an activating signal for driving the conveyor 
along the closed path, and means for producing an ac 
tual conveyor position signal indicative of a proportion 
of a complete traversal of the path by the conveyor, 
comprising: 
means for storing an indication of the length of the 

conveyor; ' 

means for receiving and storing an externally applied 
indication of a desired conveyor position in terms 
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14 
of one of said particular locations along the con 
veyor; 

means, coupled to the actual conveyor position signal 
producing means and to the conveyor length stor 
ing means‘and responsive to the desired conveyor 
position indication of the receiving and storing 
means, for producing a desired conveyor position 
signal indicative of a proportion of a complete 
traversal of the path by the conveyor; and 

means for providing an activating signal to the con 
veyor drive to drive the conveyor until the actual 
conveyor position signal has a predetermined rela 
tionship to the desired conveyor position signal. 

2. The control of claim 1 in which the means for 
providing an activating signal to the conveyor drive 
includes means for determining the shortest direction of 
travel for the conveyor to reach the desired position. 

3. The control of claim 1 in which the predetermined 
relationship of the actual conveyor position signal to the 
desired conveyor position signal is equality. 

4. The control of claim 1 which further comprises 
means for, storing an externally applied setting of an 
offset value in terms of a proportion of a complete tra 
versal of the closed path by the conveyor, and in which 
the means for providing an activating signal to the con 
veyor, and in which the means for providing an activat 
ing signal to the conveyor drive is coupled to this offset 
storing means and includes means for providing an 
activating signal to the conveyor drive to drive the 

' conveyor until the actual conveyor position signal dif 
fers from the desired conveyor position signal by an 
amount equal to the offset value. 

5. The control of claim 1 in which the means for 
storing an indication of the length of the conveyor com 
prises a slide switch arrangement through which the 
conveyor length is set in terms of the number of said 
particular locations along the conveyor. 

6. The control of claim 1 in which the means for 
producing a desired conveyor position signal and the 
means'for providing an activating signal to the con 
veyor drive each include means for generating an error 
code in the case of a fault condition. 

7. The control of claim 1 which further comprises 
means for displaying said externally applied indication 
of a desired conveyor position in terms of one of said 
particular locations along the conveyor. 

8. The control of claim 7 in which the means for 
producing a desired conveyor position signal and the 
means for providing an activating signal to the con 
veyor drive each include means for generating an error 
code in the case of a fault condition. 

9. The control of claim 8 in which the display means 
is also operable to display said error codes. 

10. A control system for a conveyor comprising a 
plurality of controls according to claim 1 each coupled 
to the actual conveyor position signal producing means 
and to the conveyor drive. 

11. A control for positioning a conveyor in a con 
veyor arrangement that includes an endless conveyor 
which traverses a closed path, there being a series of 
particular locations along the conveyor, a conveyor 
drive responsive to an activating signal for driving the 
conveyor along the closed path, and means for produc 
ing an actual conveyor position signal indicative of a 
proportion of a complete traversal of the path by the 
conveyor, comprising: 
means for storing an indication of the length of the 

conveyor; 
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means for receiving an externally applied indication 
of a desired conveyor position in terms of one of 
said particular locations along the conveyor; 

means, coupled to the conveyor length storing 
means, for converting said externally applied indi 
cation of a desired conveyor position to a desired 
conveyor position signal indicative of a proportion 
of a complete traversal of the path by the con 
veyor; and 

means, responsive to the actual conveyor position 
signal and to the desired conveyor position signal, 
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16 
for providing an activating signal to the conveyor 
drive to drive the conveyor until the actual con 
veyor position signal has a predetermined relation 
ship to the desired conveyor position signal. 

12. The control of claim 11 which further comprises 
means, coupled to the actual conveyor position signal 
producing means and to the conveyor length storing 
means, for producing a display of the position of the 
conveyor in terms of a location of the series of particu 
lar locations along the conveyor. 

* ‘I! 
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